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(54) ANTIREFLECTION FILM OF PLASTIC OPTICAL PARTS AND ITS FORMATION 

(57)Abstract: 

PURPOSE: To provide the a nti reflection film having 
excellent adhesion, durability, optical characteristics 
and mass productivity by forming a silicon monoxide 
film of a first layer, a tantalum oxide layer of a second 
layer and silicon dioxide layer of a third layer on the 
surface of a plastic substrate and introducing gaseous 
oxygen at the time of forming the first layer and the 
second layer. 

CONSTITUTION: The silicon monoxide film 2, the 
tantalum oxide layer 3 and the silicon dioxide film 4 
are formed in this order on the acrylic resin substrate 
1. The silicon monoxide film 2 of the first layer is _ _ — _ ^ , 

formed by evacuating the inside of a vacuum vapor 
deposition chamber, then introducing the prescribed 
amt. of oxygen therein and forming the m of the 
silicon monoxide at a prescribed vapor deposition to a 
thickness of 10/4 ( A 0=520nm) optical fiber thickness. 
The prescribed amt of the oxygen is then introduced 
into the chamber and the film of the tantalum oxide is 

formed at the prescribed vapor deposition rate to the thickness of A 0/4 optical film 
thickness. The introduction of the oxygen is then stopped and the film of the silicon dioxide 
is formed at the prescribed vapor deposition rate to the thickness of A 0/4 optical film 
thickness. As a result, the adhesion to the plastic substrate 1 is assured by the first layer 2 
and the optical properties are maintained by the second layer 3. The wear resistance is 
improved by the third layer 4. 
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CLAIMS 



[Claim(s)] 

[Claim l] The 1st aforementioned layer is 
the antireflection film of the optic made 
from plastics which was the structure 
which forms the vacuum cvaporationo 
film of the three-tiered structure of the 
1st layer, the 2nd layer, and the 3rd layer 
in the front face of the optic made from 
plastics in order from a surface-layer side 
at an air side, and the 2nd layer carried 
out 1 silicon oxide, and tantalum oxide 
and the 3rd layer carried out the subject 
of the silicon dioxide, and was constituted. 
[Claim 2] The formation method of the 
antireflection film of the optic made from 
plastics which introduces and carries out 
the vacuum evaporationo of the oxygen 
gas into a vacuum evaporationo tub in 
case the 1 silicon oxide of the 1st layer 
and the tantalum oxide vacuum 
evaporationo film of the 2nd layer are 
formed. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention 
relates to the antireflection film and its 
formation method of the optic made from 
plastics for which optical system, such as 
a video projection receiving set, a video 
camera, and a still camera, is used. 



10002] 

[Description of the Prior Art] Although 
many inorganic glass has been 
conventionally used for optics, such as a 
lens, it is lightweight, and processing is 
easy in recent years, and a plastic lens 
excellent in mass-production nature has 
come to be used as an optic. However, 
optics made from plastics, such as a 
plastic lens, have the fault that reflection 
of the light in a front face is large, like 
inorganic glass. In order to cancel this 
fault, an antireflection film is formed in a 
lens front face Uke inorganic glass, and 
preventing reflection of the light in a 
front face is known as general technology. 
(For example, the collection No 87 of 
"design [ of precision plastics optical 
RANZU ], forming-technique, and its 
trouble" Triceps data, P6-1P6-4) . 
[0003] The conventional antireflection 
film and its conventional formation 
method of the optic made from plastics 
are explained below, referring to a 
drawing. What consists of magnesium 
fluoride (MgF2) as an antireflection film 
of a monolayer is common, and the 
composition is shown in drawing 2 . the 
spectrum when forming the magnesium 
fluoride film 12 in the front face of the 
acrylic resin (polymethylmethacrylate) 
substrate 11 of a refractive index 1.49 -- a 
reflection property is shown in b of 
drawing 3 a spectrum when the property 
c of drawi ng 8 does not form the 
antireflection film for comparison - 



1 



JP06-208002A 



f 



anti-****** is shown Although an 
antireflection film 12 is usually formed of 
a vacuum deposition method, in order 
that it may raise the adhesion and 
endurance of an antireflection film and a 
plastic plate recently, the metJiod of 
heating and carrying out vacuum 
deposition of the plastic plate to 60 
degrees C - 80 degrees C and the method 
of forming an antireflection film using 
the method of carrying out RF ion plating 
are performed. Although this 
antireflection film uses one kind of 
vacuum evaporationo matter, there are a 
thing (JP,60- 129701, A), an antireflection 
film (JP,63-172201,A) of the two-layer 
structure of a cerium oxide and silicon 
oxide (SiOx), etc. which were made into 
three layer structures, using 
silicon-dioxide and magnesium fluoride 
as what used two kinds of vacuum 
evaporationo matter. As what used three 
more or more kinds of vacuum 
evaporationo matter, there is an 
antireflection film (JP,63-81402,A) of 
three layer structures of a silicon dioxide, 
an aluminum oxide, and a cerium oxide. 
[0004] 

[Problem(s) to be Solved by the 
Invention] It was impossible to have 
performed substrate heating (300 degrees 
C ■ 400 degrees C) performed in case the 
melting temperature and the heat 
deflection temperature of plastics are low 
and a vacuum evaporationo film is 
formed in an inorganic glass substrate by 



the problem of the discharge gas ft-om the 
interior of plastics etc. by such a 
conventional antireflection film and its 
conventional formation method. 
[0005] For this reason, a firm vacuum 
evaporationo film was not able to be 
obtained on the plastic lens. In order to 
form an antireflection film in a plastics 
base material reluctantly at low 
temperature 60 degrees C - 80 degrees C 
or less, membranous adhesion was bad 
and endurance was also a low thing. 
Moreover, as mentioned above, the 
plastics base material was heated at 60 
degrees C - 80 degrees C, and the 
antireflection film formed using the RF 
ion plating method tended to generate a 
crack. 

[0006] Moreover, it was difficult to fix the 
film production conditions at the time of 
film formation, and to keep a plastics 
surface state constant, and was not a 
thing suitable for mass production. 
Furthermore, as the antireflection film of 
the monolayer of magnesium fluoride is 
shown in b of drawing 3 , the residual 
reflection factor in main wavelength 
(lambda 0) is about 1.5%, and cannot say 
it as property sufficient as an 
antireflection film. 
[0007] Moreover, the three-layer 
antireflection film (JP,60- 129701, A) of 
magnesium fluoride and a silicon dioxide 
does not produce a crack, and although 
endurance is also comparatively good, it 
cannot say a residual reflection factor 
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with property of the same grade as a 
monolayer, and sufficient. 
[0008] Moreover, since the bilayer 
antireflection film of a cerium oxide and 
silicon oxide is inferior to chemical 
durability in the cerium oxide of the 
vacuum evaporationo matter, a problem 
is in the membranous product made from 
durability. 

[0009] In the conventional antireflection 
film, it had the technical problem that 
the optical property as an antireflection 
film in which the adhesion on the front 
face of plastics is inferior to bad 
endurance was not enough, as mentioned 
above. 

[0010] this invention solves such a 
technical problem and it aims at offering 
the antireflection film made from plastics 
excellent in adhesion, endurance, an 
optical property, and mass-production 
nature, and its formation method. 
[0011] 

[Means for Solving the Problem] In order 
to attain the above-mentioned purpose 
the antireflection film of the optic made 
from plastics of this invention 1 silicon 
oxide film is formed as the 1st layer on 
the surface of a plastic plate. It considers 
as the composition which forms a 
tantalum oxide film in the 2nd layer on it, 
and forms a silicon -dioxide film in the 3rd 
layer. Oxygen is introduced in case 1 
silicon oxide film of the 1st layer and the 
tantalum oxide film of the second layer 
are formed. And the refiractive index of 



the tantalum oxide of 1.65-1.60, and the 
2nd layer is controlled to 1.90-1.95, and 
the refractive index of the silicon dioxide 
of the 3rd layer is contxoUed for the 
refractive index of the 1 silicon oxide of 
the 1st layer to 1.46. 
[0012] 

[Function] According to this composition, 
secure adhesion with a plastic plate by 
the 1st layer, maintain the quality of 
optical fitness by the 2nd layer, abrasion 
resistance is made to improve by the 3rd 
layer, and the adhesion of an 
antireflection film, endurance, and an 
optical property are made to improve. 
[0013] 

[Example] It explains referring to a 
drawing below about the antireflection 
film and its formation method of the optic 
made from plastics of this invention. [ of 
one example ] 

[0014] a of drawing 3 shows a light reflex 
property that much to drawing 1 for the 
composition of the antireflection film of 
the optic made from plastics of one 
example of this invention. In this 
example, a plastic plate is acrylic resin 
(poly methyl METAKURI mate). As 
shown in drawing 1 , it forms on the 
acrylic resin substrate 1 in order of 1 
silicon oxide film 2, the tantalum oxide 
film 3, and the silicon -dioxide film 4. The 
concrete content of each optical element 
is shown in (Table 1). 
[0015] 
[Table l] 
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[0016J Each film was formed on 
condition that the following, after 1 
silicon oxide film of the 1st layer exhausts 
the inside of a vacuum deposition tub to 
1.0xlO-5Torr, it introduces oxygen to 
3xlO-5Torr, and is optical in 1 silicon 
oxide •- it formed in the thickness of 
thickness lambdaO / 4 (lambda0=520nm) 
by about 4-6A of evaporation rates, and 
sec The refractive index of the 1 silicon 
oxide at this time is 1.68. next, oxygen is 
introduced to 5xlO-5Torr, and optical in 
tantalum oxide (Ta 205) ■• it formed in 
the thickness of thickness lambdaO / 4 
(lambda0=520nm) by about 5-8A of 
evaporation rates, and sec The refractive 
index of the tantalum oxide at this time is 
1.90. next introduction of oxygen is 
stopped and optical in a silicon dioxide at 
degree of vacuum lxlO-5Torr ■- it formed 
in the thickness of thickness lambdaO / 4 
(lambda0=520nm) by about lOAof 
evaporation rates, and sec 
[0017] The following examinations were 
performed in order to check the adhesion 
of the antireflection film of this example, 
and endurance. 

(1) Adhesive-tape friction test (after 



leaving it for 1000 hours in the 
high humidity/tcmperature atmosphere 
of the temperature of 40 degrees C, and 
85% of relative humidity) an adhesive 
tape is stuck to the optic front face made 
from plastics, and is torn off (2) humidity 
resistance tests (it is left for 1000 hours 
in the high-humidity/temperature 
atmosphere of the temperature of 40 
degrees C, and 95% of relative humidity), 
(3) ■- they are a spalling test (it repeats 
leaving it every [ during 30 minutes ] by 
turns in the temperature of -30 degrees C, 
and 70-degree C low temperature and 
elevated -temperature atmosphere for 
about 100 hours), and an alcohol 
test-proof [ (4) ] (it is immersed for 10 
minut^is to the solution of ethyl alcohol) A 
ieet result is shown in (Table 2). 
[0018] 
[Table 2] 
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[0019] As shown in (Table 2), the 
antireflection film of this example is 
excellent in adhesion and endurance. 
Furthermore, although there were some 
as which generating of a crack is 
regarded at the time of antireflection film 
formation, in the film of this example, 
there is no generating of a crack and it 
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was always conventionally stable. On 
main wavelength (lambda0=520nm), a 
reflection factor is 0.5% or less, and the 
reflection factor property which is 
excellent as an antireflection film and 
was excellent over the wide band was 
acquired so that a of dr awing 3 might 
show also about a part light reflex 
property. 

[0020] In addition, although each 
thickness was constituted from this 
example as shown in (Table l), it is [ that 
what is necessary is not to be limited to a 
value / especially / (Table l) ] and just to 
make it change according to design 
wavelength / satisfactory / thickness / if 
film composition is the composition 
shown in drawing 1 . 
[0021] 

[Effect of the Invention] According to the 
antireflection film of the optic made from 
plastics of this invention, so that clearly 
also from explanation of the above 
example It considers as the composition 
which forms 1 silicon oxide film of the 1st 
layer, the tantalum oxide film of the 2nd 
layer, and the silicon-dioxide film of the 
3rd layer on the surface of a plastic plate. 
In case 1 silicon oxide film of the 1st layer 
and the tantalum oxide film of the 2nd 
layer are formed, by introducing oxygen 
gas, it becomes the thing excellent in 
adhesion, endurance, and the part light 
reflex property, and some which become 
size have the practical value. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll The cross section of the 
antireflection film of one example of this 
invention 

[Drawing 2] The cross section of the 
conventional antireflection film 
[Drawing 3l Drawing showing the part 
light reflex property of the antireflection 
film of this invention 
[Description of Notations] 

1 Plastic Plate 

2 1 Silicon Oxide Film 

3 Tantalum Oxide Film 

4 Silicon- Dioxide Film 
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